In the Specification 

Please replace paragraphs [0001] through [0008] with the following: 
Related Application 

This is a S371 o f Intemational Application No. PCT/FR2003/0Q2773. with an international 
filing date of September 19 . 2003 (WO 2004/026894. published April 1. 2004). which is based on 
French Patent Applicatio n No. 02/11 6 14. filed September 19. 2002. and US Patent Application No. 
60/411.845. filed September 19. 2002. 

Field of the Invention 

ft© pres^invention oonoom or elates the synthesis and characterization of new systems for 
guiding and vectoring molecules of therapeutic interest toward target cells. More 
pFe^s^articularly, the invention ooncomo itoolf \>ith r elates to molecular con^lexes enable of 
combining several fimctional molecules possessing predefined recognition properties or effective 
properties[[,]] with the process for preparing them, and with their thenq)eutic use or use as diagnostic 
tools. 

Background 

The literature describes a number of methods for obtaining monovalent polyfimctional 
bioconjugated complexes (Lemieux et al. Trends in Biotechnology, 1998, 16, 506-513). These 
complexes evoke a relatively weak biological response, however. Multivalent systems were then 
prepared (Tam et al.. Biomedical Peptides. Proteins & Nucleic Acids, 1995, 1, 123-132). Studies 
demonstrated that polyvalent complexes were, in general, much better biological tools than 
monovalent bioconjugated complexes (Grubbs, R.H. et al., J. Am. Chem. Soc, 2001, 123, 1275- 
1279). 
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The significance of such bioconjugated complexes is that they combine the properties 
characteristic of at least two different classes of molecules. One of the difficulties that arises, 
however, is the potential interaction that the various molecules of a bioconjugate can exhibit. That 
interaction can modify the properties resulting from bioconjugation. One solution to feisthat 
problem is to spatially separate the bioconjugation points, which has led to the development of 
addressable molecular templates or frameworks. L. Scheibler, P. Dumy et al., Tetrahedron, 1998, 
54, 2125-313 A, d e scrib o disclose the synthesis and characterization of molecular frameworks 
functionalized with coordination groups and alkane chains. 

Attaching the molecules of interest to the framework presents another diflSculty. L. 
Scheibler, P. Dumy et al., Angew. Chem, Int. Ed., 1999, 38, 696-699, deserib adisclose a framework 
that has been chemoselectively functionalized on one face by means of an oxime bond. 

The existmg art does not, however, teach how to synthesize a framework functionalized on 
both faces, at least one of the ftmctionalizations being chemoselective, and each face carrying 
molecules «of therapeutic or diagnostic or labeling interest. 

Th e object of the invention is l t would therefore be advantageous to provide a method for 

preparing a homodetic cyclopeptide grafted on both of its faces. 

Summarv of the Invention 

This inventio n relates to a method for preparing a grafted homodetic cvclopeptide forming a 

framework that defin es a grafted upper face and a grafted lower face including synthesizing a linear 

peptide from modifi ed or unmodified amino acids> some of which carrv orthogonal protective 

groups, intramolecula r cvclizing the resulting protected linear peptide, substituting some or all of 

orthogonal protective gr oups with a protected precursor, grafting at least one molecule of interest 

onto one and/or the other face of the firework via an oxime bond. 
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This invention also relates to the grafted homodetic cyclopeptide obtained by the method 
grafted on one of its faces with carbohydrate derivatives and on the other face of the framework with 
one or several chromophore(s). one or several biotin(s), one or several fluorophores(s). one or several 
radioemitterfs), or a chemical precursor group or lipand. 

This invention fiirther relates to a therapeutic or diagnostic composition including the grafted 
homodetic cyclopeptide. 

This invention still fiirther relates to a method of treating cancer including administering a 
therapeutically effective amount of the therapeutic or diagnostic composition to a patient 

This invention also fiirther relates to a method of treatment cancer including administering a 
therapeutically effective amount of the therapeutic or diagnostic composition for the suppression of 
neoangiogenesis. 

Brief Description of the Drawings« 

Other aspects of the framework and of its grafting according to the present invention are 
presented in the detailed description below, which should be read with reference to the Figures and 
illustrates the invention in non-Umiting fashion. 

FIG, la is a diagram illustrating the preparation of cvclodecapeptides (SEP ID NO: 5) 
according to aspects of the invention comprising on the one hand the serine precursor of the a- 
oxoaldehvde fimction on the upper face and the oxvamine fimction on the lower face, and on the 
other hand the oxyamine function on the upper face and the serine precursor of the CK)xoaldehyde on 
the lower face. 

FIG, lb is a diagram illustrating the preparation of cvclodecapeptides (SEP ID NO: 5> 
accordi ng to aspects of the invention comprising either the serine precursor of the a-oxoaldehvde 

4 

L 



function or the of-oxoaldehvde on the u p per face, and on the other hand the C-Npvs function on the 
lower face. 

FIGS. 2a and 2b are diagrams illustrating the preparation of polvfunctional macromoleculefs 
by successive chemoselective assembly o f biomolecules RI and R2 using an oxime bond, on flie one 
hand onto the lower and then upper fac e of the cvclodecepeptide. and on the other hand onto the 
upper and then lower face of the cvcl odecaoeptide. FIG. 2a discloses SEP ID NQ:4 and FTG ?h 
discloses SEP ID NO:5. 

FIG. 3 is a diagram illustrating the synthesis of polvfunctional macromolecules bvsuccessive 
chemoselective assembly via an oxime b o nd, in which the Rl biomolecule is grafted onto one face of 
the cyclodecapeptide: in which four m o lecules comprising an oxvamin function and at least one 
serine precursor of the QK)xoaldehvde fii n ction are grafted onto the other face of the cvclooeptide 
(SEQ ID NP: 4); and in which lastly t h e R2 biomolecule is grafted after demasldng of the a- 
oxoaldehvde functions. 

¥IG. 4 is a diagram illustrating the synthesis of polvfunctional macromolecules bv successive 
chemoselective assembly via an oxime bo n d, in which the Rl biomolecule is grafted onto one face of 
the cyclodecapeptide (SEP ID NP: 4): in whi c h four molecules comprising an oxvamine fiinction 
and four serine precursors of the ciK)xo a ldehyde fimction are grafted onto the other face of the 
cyclopeptide; and in which lastly the R 2 biomolecule is grafted after demasking of the a- 
oxoaldehvde functions. 

FIG. 5 depicts the fluorescen ce signal of the aVi83 receptor, after immunolabeling rLM609- 
R-phycoerythrin), recorded as a fimct i on of time for various incubation conditions of living HFK 
cells (FRAP experiment). The delay obs e rved with the multivalent RGD compound (soUd sq uare.s) 
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expresses a decrease in the mobility of th e aY33 receptors that is characteristic of the clustering 
phenomenon, which is not observed under the other conditions. 

FIG. 6 depicts fluorescence hist ograms obtained bvFACS after incubation ofHEK cells with 
the multivalent RGD-fluorescein compound. 

FIG. 7 compares the capture kinetics bv PC3 cancer cells of the multivalent ROD comp mmd 
assembled according to the invention (RAF T rcvcloRGDLl - diamonds) with those of control 
molecule s, bv measuring the radioactivity of iodine-125. 

Detailed Description 

More spooifically, tho objoot of tlioT he invention Prelates to a method for preparing a grafted 
homodetic cyclopeptide forming a framework that defines two faces, a so-called ::upper face!! and a 
so-called 'Jower face,Z sm4M two faces both being grafted, wherein a linear peptide is synthesized, 
saMtoe synthesis being performed from modified or unmodified amino acids, some of which cairy 
orthogonal protective groups; an intramolecular cyclization of the resulting Unear peptide is 
performed; some or all of the orthogonal protective groups are substihited with a protected precursor; 
at least one molecule of interest is grafted onto one and/or the other face of saidflie fiameworic via an 
oxime bond. 

Please replace paragraphs [0011] through [0012] tvith the foUomng: 

According to a first embodimon ta spect of the invention, synthesis of the linear peptide, 
performed on the soHd phase, is initiated with a glycine residue whose cailjoxyl fimction is anchored 
to a resin, and cyclization of tiie resulting linear peptide is performed in solution after release of the 
resin. The strategy of elongating a linear peptide of this kind is described in tho oxisting a rtk nown 
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(P. Dumy et al.. Tetrahedron Lett. 1995, 36, 1244-1258). Initiating the synthesis with a glycine 
residue allows any risk of epimerization during the subsequent cyclization step to be eliminated. The 
glycine is preferably linked to the resin by its carboxyl function. Its alpha amino function is 
protected by a protective group that allows elongation of the peptide by synthesis. Following 
synthesis of the linear peptide, the alpha amino-terminated function of the peptide is released from 
the protective group during a first step, and the carboxy-terminated fimction is released from the 
resin during a second step of releasing the protected linear peptide; the side chains remain protected 
by their orthogonal protective group. The N- and C-terminated chemical fiinctions released from the 
solubilized linear peptide react to form an intennolecular peptide bond during an intramolecular 
cyclization step performed in solution. 

According to a second embodimon t aspecL synthesis of the linear peptide and then cyclization 
thereof are performed entirely on the solid phase. In thio embodiment, a\-nthosi s Svnthesis of the 
linear peptide is initiated with an amino acid residue whose side chain is anchored to a resin, leaving 
its carboxyl fimction unanchored. The alpha amino fimction and caiboxyl fimction of this amino 
acid are each protected by a protective group, the two protective groups being orthogonal to one 
another. 

Please replace paragraphs [0014] through [001 7] with thefoUowing: 

In this e mbodimontaspect the method advantageously is entirely or partially automated on a 
peptide-synthesizing robot. 

Advantageously, the cyclopeptide is constituted from 5, 10, or 14 amino acid residues, 
preferably 10 amino acids forming a cyclodecapeptide. The cyclopeptide cyclized according to tho 
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pr e s e nt invontion exhibits at least one turn, preferably two turns. Some cyclopeptides according to 
the present invention exhibit a central symmetry. 

According to a proforrod ombodimon t another aspect, the cyclopeptide exhibitshas 10 or 14 
amino acid residues and forms two turns, each turn being constituted byof an (L)Pro-(D)AA or 
(D)Pro-(L)AA combination, AA being an amino acid and preferably glycine, the two turns being 
separated by three and/or five amino acid residues. 

The presence of the proline residue at the turn is justified by the fact that because of its cyclic 
structure, proline has a characteristic spatial configuration as compared wifeto other amino acids. 
This characteristic imposes a conformational restriction on the peptide skeleton as compared wifeto 
that assumed with amino acids other than prohne or its derivatives. This restriction is, in particular, 
the cause of the bends in the secondary and supersecondary polypeptide structures. 
Please replace paragraphs [0020] through [0030] with the following: 

The two-turn cyclopeptides having an even number of amino acid residues exhibit a median 
plane that defines a oo callod the upper face and a so callodt he lower face. 

The three and/or five amino acid residues preferably each have a chemical fimction protected 
orthogonally by a protective group. The protective groups of the side chains of these amino acids are 
directed altemately to one side and the other of the median plane of sai4tiie fiamework, and define a 
so callod &e lower and upper face with respect to that plane. 

These amino acid residues are preferably amino acid residues carrying chemical fimctions of 
the -NIC, -SH, or -COOH type. According to a particular embodimont of the invcmtio n one aspect. 
these three or five amino acid residues are preferably amino acids havmg an amine side chain, and 
very preferably lysine. 
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According to a particular embodiment of the invention another aspect the orthogonal 
protective groups of the central amino acid residues are identical to one another, the orthogonal 
protective groups of the amino acid residues other than the central ones are identical to one another, 
the orthogonal protective groups of the central amino acid residues, on the one hand, and the 
orthogonal protective groups of the other amino acid residues, on the other hand, are different from 
one another. 

According to a particular e mbodiment of tho invontio n aspect grafting of the framework is 
begun by substituting the orthogonal protective groups of the framework with aprotected precursor 
of the oxyamine function or a masked precursor of the aldehyde function, in particular of the a- 
oxoaldehyde type or with a protected precursor of the thiol function, or with a label According to a 
fifstone varian t of tho invention, the protected precursor of the thiol function is a dissymmetrical 
disulfide derivative of cysteine, in particular an Npys group (FIG. lb). 

According to another varian t of tho invention , this protected precursor is 2-oxyaminoacetic 
acid (OAA) protected on the nitrogen, or a serine derivative, precursor of the a-oxoaldehyde 
function, the amine and hydroxyl functions of which are protected, and deprotection of which 
followed by oxidative cleavage releases the aldehyde group, and preferably is Boc-Ser(tBu)OH. 

According to a first ombodimon t aspect firstly-substitution of the orthogonal protective 
groups of the lower face with a label, preferably biotin or fluorescein, is performedHhe n. Then, in a 
second step^ the orthogonal protective groups of the upper face of the fi^eworic are substituted with 
a protected precursor of the oxyamine function or of the a-oxoaldehyde function. The oxyamine or 
a-oxoaldehyde fimction of the precursor, previously deprotected, is then reacted with a molecule of 
interest or an intermediate molecule carrying an a-oxoaldehyde or oxyamine function, respectively. 
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Inthio ombodimont, subotitution Substitution of the lower face is conventional, whereas substitution 
of the upper face is chemoselective. 

According to a second e mbodimon ta spect. festly-substitution of the orthogonal protective 
groups of the lower face of the framework with a protected precursor of the oxyamine function is 
performedj-a^^. Then, in a second step, the orthogonal protective groups of the upper face of the 
cyclopeptide are substituted with a protected precursor of the a-oxoaldehyde function. 

According to a third ombodimont of tfao invontio na spect. festfysubstitution of the orthogonal 
protective groups of the upper face of the framework with a protected precursor of the oxyamine 
function is performedHben. Then, in a second step, the orthogonal protective groups of the lower 
face of the cyclopeptide are substituted with a protected precursor of the a-oxoaldehyde function. 

According to a fourth e mbodiment of tho invontio n aspect. substitution of the orthogonal 
protective groups of one face of the framework with a protected precursor of the aldehyde or 
oxyamine function is performed, then substitution of the orthogonal protective groups of the other 
face of the framework with a protected precursor of the thiol fimction. Grafting of the molecules of 
mterest is then performed by causing the complementary functional groups to react. In this 
e mbodiment, firstly grafti ng Graftine of the molecules of interest carrying an aldehyde or oxyamine 
precursor onto the face of the framework carrying an oxyamine or aldehyde precursor, respectively, 
is performedr^. Then, the other face of the framework, in its free thiol form or in the form of 
activated dissymetrical disulfide, is reacted with a second molecule of interest carrying an activated 
dissymetrical disulfide or free thiol fimction, respectively. This second molecule is then attached to 
the framework via a disulfide link. The molecules of interest can be a peptide, a protein, an 
ohgosaccharide, a nucleic acid, an organic molecule, an inorganic molecule (FIGS, lb and 2b). 
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Advantageously, this link can allow intracellular re-release of the molecule of interest so that it can 
perform its biological role. 

In th e A s noted abov e embodimonts , the active functions, in particular oxyamine or a- 
oxoaldehyde, of the precursors, previously deprotected, are reacted w^ith one or several molecules of 
interest or with an intermediate molecule carrying a complementary function, in our oxampl osuch as 
a-oxoaldehyde or oxyamine respectively. Preferably the oxyamine function of the precursor located 
on the framework is reacted with a molecule of interest carrying an a-oxoaldehyde function, then the 
precursor of the a-oxoaldehyde function located on the framework is oxidized, and the reaction is 
continued by bringing the framework into contact with at least one molecule of interest, or an 
intermediate molecule, carrying an oxyamine function. 

Please replace paragraphs [0034] through [0043] with the following: 

According to a first varian t of flio invention , one face of the framework is grafted with 
peptides derived from the cyclo(RGDfK) (SEP ID NO: 1) and cyclo(RGDyK) (SEP ID NO: 2^ 
ligands of integrin avp374fi^Fd^ to direct the molecule toward tissues which express that receptor, 
and in order t o modify biological effects for a therapeutic or diagnostic purposer;. 

[[-]]§} If the purpose is therapeutic, the other face of the framework according to the present 
invention is grafted with an apotogenic peptide of the (KLAKKLAK) (SEP ID NO: 3> type, 
or a known organic molecule of the doxorobucin type, or an intracellularly toxic protein 
(ricin-A, galenin, ...). 

If the purpose is m vitro and in vivo diagnosis, the other face of the framework is 
grafted with one or several chromophores, one or several biotins, one or several fluorophores, 
one or several radioemitters, or a precursor group (chemical or ligand). 
According to a second varian t of th e invention, one face of the framework is grafted with 
carbohydrate derivatives in order to target their transmembrane receptor of the lectin type, in 
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particular the mannose receptor, galactose receptor, asialo-protein receptor, GLUT glucose 

transporter, etc., for a therapeutic or diagnostic purposcr; 

[[-]]£} If the purpose is therapeutic, the other face of the framework according to tho present 
inv e ntion is grafted with one or several T-dependant epitopic peptides, one or several 
apotogenic peptides of the (KLAKKLAK) (SEP ID NO: 3) type, or a known organic 
molecule of the doxorobucin type, or an intracellular^ toxic protein (ricin-A, galenin, .,.). 
[[-]]d} If the purpose is in vitro and in vivo diagnosis, the other face of the framework is 
grafted with one or several chromophores, one or several biotins, one or several fluorophores, 
one or several radioemitters, or a precursor group (chemical or ligand). 
According to a third varian t of th e invention , one face of the framework is grafted with B- 

dependent epitopes of the peptide or carbohydrate type, more particularly tumor labels (Tn, sTn, Tf), 

one or several T-dependent epitopes (Thl or Th2 peptides), and an immunoadjuvant, in order to 

evoke a cellular response for vaccination purposes. 

According to a fourth varian t of tho invention , the faces are fimctionalized in order to impart 
recognition properties to them that are usefiil in miniaturized systems of the bio-chip type. 

Advantageously, when synthesis and cyclization are performed in solid phases, the method 
according to the invention i s entirely or partially automated on a peptide-synthesizing robot. 

Also an object of thcT ^ie invention i salso relates to a grafted homodetic cyclopeptide, 
wherein it is obtained by the method according to the present invention. 

Another object of tho The invention i gfiirther relates to a therapeutic or diagnostic 
composition, wherein it comprises a grafted homodetic cyclopeptide obtained by the method 
according to tho present invention . 

The invention likewise concerns the use of a grafted homodetic cyclopq)tide obtained by the 
metho d according to the present invention , or of a composition containing it, for production of a 
medication intended to treat cancer. The invention likewise concerns the use of a grafted homodetic 



12 



# 



cyclopeptide obtained by the metho d according to the present in\^ontion , or a composition containing 
it, as a tool for diagnosing cancer. 

The invention likewise concerns the use of a grafted homodetic cyclopeptide obtained by the 
metho d according to the present invention , or a composition containing it, for the diagnosis and/or 
suppression of neoangiogenesis. 

The invention likev^ise concems the use of a grafted homodetic cyclopeptide obtained by the 
method according to th e pr e s e nt inv e ntion , or a composition containing it, as a framework for 
fiinctionaUzing surfaces with the purpose of imparting to them recognition properties that are usefiil 
in miniaturized systems of the bio-chip type. 

Please replace paragraphs [0045] through [0064] with the following: 

On the one hand, fimctionalization of the host surface with one of the partners involved in 
recognition (probe: molecules, biomolecules, cells) is a key stage in achieving this molecular 
interaction at the interface between the surface and analyte. This addressing must be sufficiently 
gentle to preserve the integrity and the molecular properties of the probe, reproducible in order to be 
usable, and spatially controlled in order to allow concurrent detection of various targets. On the 
other hand, fimctionalization can also result in transduction of probe-target recognition into a 
measurable and quantifiable signal, allowing detection of the target. The great significance of this 
strategy consists ini s the absence of labehng of the target, allov^ng the approach to be generalized to 
any category of target. 

In this context, the method according to th e pr e sent invention a llows one face of the 
framework to be used to address the surface, for example^ by using thiol grafts or by 
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electropolymerization using pyrrole-type pendants. The other face is used, in accordance with the 
m e thod according to tho prosont invention, to graft the molecule of interest onto the surface. 
Advantageously, use of a precursor of the a-oxoaldehyde function protected by a photolabile group 
of the NVOC type allows spatially controlled addressing of the surface by a molecule of interest. 
The method according to tho present invention i s much more advantageous for functionaUzation of 
the surface than the procedures conventionally used. 

Other embodim e nts of the framework and of its grafting according to th e present invention 
ar e present e d in the detailed doscription below, which should be read with refer e nce to th e Figures 
and illustrates tho inv e ntion in non limiting faflhion. 

FIG, la is a diagram illustrating the pr e paration of cyclodooapeptidoG according to th e present 
invention comprising on tho one hand tho serin e precursor of tho a oxoaldohydo fiinction on th e 
upper face and tho oxyamino fimction on tho lower face, and on tho other hand the oxya mifle 
function on the uppor face and the s e rine precursor of the a oxoaldehyde on tho lowor face. 

FIG, lb is a diagram illustrating tho preparation of cyolodocapeptidoG according to th e pr e sent 
invention comprising either tho s o rino precursor of tho a oxoaldohydo fimction or the a oxoaldehyde 
on the upper face, and on the oth e r hand tho C Npys fimction on the lowor face. 

FIGS. 2a and 2b are diagrams illustrating the preparation of polyfimctional macro moloculos 
by succossivo chcmosoloctivc assembly of biomolcculcs Rl and R2 using an oxime bond, on tho one 
hand onto tho lowor and then upper face of tho oyclodocapoptido, and on tho other hand onto tho 
upper and then lower face of the cyclodocapeptide. 

FIG. 3 is a diagram illustrating tho synthesis of polyfimctional macromolecules by successivo 
chomosoloctivo assembly via an oximo bond, in which tho Rl biomolocule is gmftod onto ono faco of 
tho cj^clodocapoptido; in which four moloculos comprising an oxyamino fimction and at least one 

14 




oerin e pr o oursor of th e a oxoaldoh>'do function aro grafted onto tho other faco of the cyclopoptido; 
and in which lastly the R2 biomolcculo io grafted after domaslcing of the a oxoaldohyd e functiono. 

FIG. 4 iG a diagram illuotrating the s>'nthesis of polyfimctional macromoleculos by successive 
chomoselootiv o assembly via an oxime bond, in which the Rl biomoleoule io grafted onto one face of 
the cyclodooapoptide; in which four molecules comprising an oxyamino fimction and four serine 
preouroors of tho a oxoaldohyde fimction aro grafted onto th e other faco of the cyclopeptide; and in 
which lastly tho R2 biomoleoule is grafted after d o maslcing of tho a oxoaldohyde fimctions. 

FIG. 5 depicts tho fluoresc e nce signal of the aVp3 recoptor, after immunolabeling (LM609 
R phycoorythrin), r o oordod as a fimction of time for various incubation oonditiono of living IIEK 
polls (FRAP exporimont). Tho dolay observ^od with the multivalent RGB oompound (solid squaros) 
exprooo e s a decrease in tho mobility of the aVp3 rocoptoro that is oharaoteristio of tho clustering 
ph e nomenon, which io not obs e r>^ e d under th e other conditions. 

FIG. 6 depicts fluoresoonoo histograms obtained by FACS aft e r incubation of HEKoollo\ s ith 
th e multivalent RGB ' fluorescein compound. 

FIG. 7 compares tho captur e Icmetios by PC3 canc e r c e lls of the multivalent RGB oompound 
assembled according to tho invention (RAFT[oycloRGB]4 ) — diamonds) with those of control 
mol e cul e s, by measuring the radioactivity of iodin e 125. 

According to thea first embodimon t asoect illustrated in FIG. la, firstly-substitution of the 
orthogonal protective groups PG of the lower face, or PG2 and PG5, is performed with a protected 
precursor of the a-oxoaldehyde fimction, preferably Boc-Ser(tBu)OHT-ifl. In a second step, the 
orthogonal protective groups of the upper face of the fiiamework (PGl, PG3, PG4, PG6) are 
substituted with a protected precursor of the oxyamine fimction, preferably Boc-OAA-OSuHft. In a 
third step depicted in FIG. 2a, all the protective groups are removed, and the now-deprotected 
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oxyamine function on the lower face proceeds to react in the presence of a first molecule of interest 
carrying an a-oxoaldehyde ftuictiont^n^ a fourth step depicted in FIG. 2a, the seryl residues are 
oxidized to a-oxoaldehyde functions on the upper facer^ n. hi a fifth step, the a-oxoaldehyde 
functions of the upper face are reacted with a second molecule of interest carrying an oxyamine 
function. 

According to the second e mbodimon ta spect depicted in FIGS, la and 2a, the sequence of 
substituting the orttiogonal protective groups and grafting the upper and lower faces is respectively 
reversed as compared w^to the first med easpect . According to a particular embodiment of tho 
HwertienasE^ depicted in FIG. 3, the last molecule of interest grafted onto the framework via its 
oxyamine function, permitting it to be grafted onto the a-oxoaldehyde function(s) located on the 
fi:amework, carries at least one precursor of an a-oxoaldehyde fimctionraM S. This allows the method 
according to tho prosont invention t o proceed by oxidizing this precureor to a-oxoaldehyde and 
reacting the latter with a molecule of interest exhibiting an oxyamine function, in order to create a 
supplementary oxime bond. This complementary step allows the construction of a modular system 
via iterative oxime coupling onto the fi-amework, by demasking the a-oxoaldehyde function by 
successive oxidation. 

As described by FIG. 4, this particular e mbodimon ta spect advantageously allows an 
amplification of the number of molecules presented in situ by the framework in the case of a 
molecule of interest that, grafted onto the framework via its oxyamine function which allows it to be 
grafted onto the a-oxoaldehyde function(s) located on the fiiamework, carries more than one 
precursor of an a-oxoaldehyde function. 
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EXAMPLE 1 : A cyclopeptide according to th e pr e s e nt invontion forming a framework grafted on 
one face with peptides derived from cycle(RGDfK) (SEP ID NO: 1) and/or cyclo(RGDyK) (SEP ID 
NO: 2) , which are Ugands of integrin aVp3. 

The cyclo(RGDfK) (SEP ID NO: I) peptides recognize integrin aVpS. This integrin is 
overexpressed on the cell surface of tumors or endothelial cells during tumoral neoangiogenesis. 
Grafting of this peptide onto one face of the framework according to the present invontion e nhances 
the abiUty of this peptide to be recognized by this mtegrin. In addition, the biological effects of this 
integrin, for example clustering, and endocytosis of the molecule, are triggered by the framework 
according to tho prcsont invontion g rafted in this fashion, while they are not triggered by the peptide 
alone. 

1) Support fo r cell culture in vitro : Frameworks comprising a biotin group on one of their faces 
make it possible in general to fimctionalize that face with strqjtavidin by means of the strong biotin- 
streptavidin interaction. The other face of the framework can be fimctionalized with a molecule of 
interest, or unoccupied. 

The use of fireworks comprising, for example, adhesion ligands such as cyclo(RGDfK) 
(SEQIDNO: 1) allows flie attachment of cells expressing the aVp3 receptor and in vitro culture 
th^eof The compounds prove to be particularly effective with a low density of molecules adsorbed 
onto the surface. 

2) Inducing clustering of cell receptors (FIG. 5) : Clustering ofintegrins at the surface of HEK293 
cells that overexpress integrin p3 has been demonstrated by FRAP experiments. The living cells are 
placed in contact with an anti-avp3 antibody labeled with phycoerythrin (LM609-PE) and with 
various peptides. An area of the cell surface is then photo-bleached in order t o measure the kinetics 
of the reappearance of the fluorescence signal in this area. This measurement reflects the speed at 
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which integrin avPs migrates into the plasma membrane of a living cell. If several integrin 
molecules are covered by the peptide, the "cluster" thus formed will then migrate less quickly than 
the native integrin ayps which is smaller and freer. The results presented in FIG. 5 demonstrate that 
only the peptide obtained according to the present invention is capable of inducing this kind of 
clustering of integrin avPs at the surface of cells. 

3) Active internalization of drugs or vectorized products : The same cells, placed in contact at ST'C 
or 4°C for 15 to 30 minutes with peptides previously labeled with fluorescein, are observed by 
confocal microscopy after immunolabeUng of the early endosome vesicles (anti-Early Endosome 1 A 
labeling, visualized in red). 

The results obtained demonstrate that only the peptide obtained according to the pres e nt 
invention can be visualized at ST'C at the surface, at intercellular junctions, and in the interior of the 
cells. A significant proportion of the intracellular signal is co-localized with the EEIA label, 
demonstrating that at least a portion of the RAFT-RGD peptide is intemaUzed by endocytosis. cRGD 
and RAFT-RGD peptides incubated under the same conditions are not detectable by 
immunofluorescence. This demonstrates their inability to become attached to their integrin target as 
effectively as the compound obtained according to the pi«seat-invention. If incubation of the 
peptides is performed at 4°C, only the extracellular label is observed with the peptide obtained 
according to the pr e sent invention, confimiing that intemahzation takes place by way of an active 
process. 

4) Targeting vector for transferring biomolecules (DNA. peptides, proteins, PNA. oligonucleotides, 
siRNA) : Only cells expressing integrin avp3 are recognized by the peptide obtained according to the 
pFBsent-invention. Incubation of HEK293 cells overexpressing either integrin pi or p3 with the 
fluorescent peptide obtained according to the pr e sent invention demonstrates that the peptide 
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attaches exclusively to the cells that overexpress the avPs heterodimer. This property can be 
utilize d, according to th e pr e s e nt inv e ntion, to transport molecules of interest toward a target 
receptor. 

5) Tumors expressing integrin a vp^: The fluorescent peptide obtained according to the present 
invention, injected intravenously into a tumor-carrying mouse, reveals under medical imaging that 
this peptide is found to accumulate strongly in the hypervascularized regions of the tumor. 

6) Blood vessels : Our results obtained with fluorescent peptides obtained according to the ^=esent 
invention demonstrate that the endothelium can be recognized by these molecules when 
intravenously injected. Other tissues, in particular the renal capsule, liver vessels, and spleen, have 
also been imaged using these molecules. Grafting of other ligands should allow augmentation of the 
signal obtained from the endothelium. 

7) Enzvmatic activity, in a clinical context or in vitro in a cell culture (esp. protease activitv) : 
According to the pres e nt invention, peptid e sP eptides containing a sequence specifically recognized 
by a protease can be grafted onto the framework. If a fluorescent molecule is grafted on upstream 
from the cleavage site, and a molecule that absorbs the fluorescence downstream from that site, the 
short distance between the two labels prevents any fluorescence emission. In the presence of the 
specific protease, however, the two fluorophores are dissociated and quantifiable light is therefore 
emitted. This procedure allows a determination of the protease concentration present in the 
compartment, tissue, or cell being observed. 

The invention allows this system to be directed toward target tissues so that those regions can 
be specifically imaged. 

8) Radiodetection of endothelial tissues during tumoral neoangiogenesis, or of tumors expressing 
integrin V3 (FIG. 7) : Labeling with radioactive iodine- 127 allows the detection of the molecule, and 
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therefore of its binding with integrin on the cell surface followed by entry into the cytosol after 
endocytosis. The capture effect is dose-dependent in compounds. This effect has been measured in 
tumor cells (PC-3) and endothelial cells (HMVEC) that express integrin. Here again, only the 
grafted cyclopeptides according to the pres^invention possess the effect observed, unlike the 
isolated ligand. This property allows the neoangiogenesis zones to be imaged by measuring 
radioactivity. 

EXAMPLE 2: A cyclopeptide according to the pres^invention forming a framework grafted on 
one face with B-dependent epitopes of the carbohydrate type, more particularly a tumor label (Tn, 
sTn, Tf), one or several T-dependent epitopes (Thl or Th2 peptides), and an immunoadjuvant 

These substituents are selected in order t o evoke a cellular response for vaccination purposes. 

Sugars are known to be very important factors in numerous pathologies, particularly cancer 
(tumor label) or viral and bacterial infections. They are weakly immunogenic, however, which 
greatly limits their use in vaccine components for obvious therapeutic purposes. In addition, 
recognition of sugar units is mediated by a presentation in the form of bunches, which also limits 
their use. The invention allows the presentation of sugar units in the form of bunches, as well as 
chemical manipulation of them in ord e r t o produce epitopic combinations ultimately capable of 
evoking learning by the immime system in order t o protect the organism from pathologies and 
infections involving those units. 
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